The effect of physical activity on cognitive function in older adults from minority and disadvantaged populations is not well understood. This study examined the longitudinal association between physical activity and cognition in older Mexican Americans. The study methodology included a prospective cohort with longitudinal analysis of data from the Hispanic Established Populations for the Epidemiologic Study of the Elderly. General linear mixed models were used to assess the associations and interactions between physical activity and cognitive function over 14 years. Community-based assessments were performed in participants' homes. Physical activity was recorded for 1,669 older Mexican Americans using the Physical Activity Scale for the Elderly. Cognition was measured using the Mini-Mental State Examination (MMSE) and separated into memory and nonmemory components. A statistically significant positive association was observed between levels of physical activity and cognitive function after adjusting for age, sex, marital status, education, and comorbid health conditions. There was a statistically significant difference in MMSE scores over time between participants in the third (b = 0.11, standard error (SE) = 0.05) and fourth (b = 0.10, SE = 0.2) quartiles of physical activity and those in the first. The protective effect of physical activity on cognitive decline was evident for the memory component of the MMSE but not the nonmemory component after adjusting for covariates. Greater physical activity at baseline was associated with less cognitive decline over 14 years in older Mexican Americans. The reduction in cognitive decline appeared to be related to the memory components of cognitive function.
R esearch has demonstrated a positive relationship between physical activity and cognition in older adults. [1] [2] [3] [4] [5] Meta-analyses 6, 7 have confirmed the positive effects of physical activity in adults with normal cognitive status, as well as those with cognitive impairment. Metaanalytical studies 6, 7 have also identified limitations in the literature, including the need for investigations to determine the level or intensity of physical activity required to produce positive cognitive outcomes and whether physical activity influences various components of cognitive function in different ways.
Studies investigating physical activity and cognition are frequently cross-sectional or include short-term followup periods. 6, 7 The long-term influence of physical activity on cognitive function remains unclear ,8,9 particularly in minority and underserved populations. Members of these populations often have less education and are less likely to engage in formal exercise or fitness programs. Data from the 2011 Behavioral Risk Factor Surveillance System indicates that only 15.7% of adults aged 65 and older met the Centers for Disease Control and Prevention guidelines regarding physical activity, compared with 29.3% for those aged 18 to 24. 10 When all ages were stratified according to race and ethnicity, Hispanics were least likely to meet physical activity recommendations; 18% of Hispanics met the guidelines, compared with 21.0% of whites, 21 .2% of blacks, and 21.8% of others. change in cognition over time in a large cohort of older Mexican-American adults with normal cognition (Mini Mental State Examination (MMSE) score ≥ 21). Level of physical activity was examined to test for different effects on memory and nonmemory components of cognitive function. The hypothesis was that older Mexican Americans who reported greater physical activity at baseline would have less cognitive decline over the study period than participants who were sedentary.
METHODS

Sample and Procedures
Participants were from the Hispanic Established Populations for the Epidemiologic Study of the Elderly (EPESE), an ongoing longitudinal study of Mexican Americans aged 65 and older residing in Texas, New Mexico, Colorado, Arizona, and California. The sampling plan and cohort characteristics have been described previously.
11 Information and data for the Hispanic EPESE are available at the National Archive of Computerized Data on Aging.
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Seven waves of data have been collected for the Hispanic EPESE from 1993 through 2011. The present study used data obtained at the second through seventh waves (1995/96 to 2010/11). Information from the first wave was not used because the Physical Activity Scale for the Elderly (PASE) 12 was not administered. Of the 3,050 subjects interviewed at Wave 1 (1993/ 94), 2,438 were reinterviewed in 1995/96 (2,166 in person, 272 by proxy). At the 2-year follow-up (Wave 2), 238 were confirmed dead through the National Death Index (NDI), 110 subjects refused to be reinterviewed, and 264 were lost to follow-up. Of the 2,438 participants interviewed at Wave 2 (hereafter referred to as baseline), those with a MMSE score less than 21 (n = 497) 13 were excluded because the interest was in examining how physical activity influenced changes in cognitive function in individuals with normal cognition.
The final cohort included 1,669 subjects aged 67 and older who had a MMSE score greater than 21 and complete information on the PASE and the MMSE (see descriptions below). At the end of the 14-year follow-up (2011), 427 were reinterviewed in person, 264 refused to be reinterviewed or were lost to follow-up, and 978 were confirmed dead through the NDI and reports from relatives. The average follow-up was 11.2 AE 1.3 years for those who were reinterviewed, 7.4 AE 0.6 years for those who were lost to follow-up, and 7.5 AE 4.0 years for those who died.
Excluded participants (n = 769) were significantly more likely to be older; to be unmarried; to have low levels of education and lower MMSE scores; and to report more heart attacks, strokes, and high depressive symptoms than those included in the analysis.
Measures
Independent Variable
Physical activity was assessed using the PASE, a validated instrument used to assess activity levels in older adults. 12, 14 Frequency, duration, and intensity of activity are measured in the PASE using three subscales: leisure, household, and occupational activity. 12 Levels of physical activity are calculated based on an empirically derived weighting system that provides a score for each subscale and a total physical activity score. 14 The PASE asks respondents to recall activities from the previous week and calculates a score ranging from 0 to 360. 12, 14 Higher scores represent greater levels of physical activity. To improve interpretation of the data and consistency with previous studies, 15, 16 total PASE scores were converted into quartiles to represent gradients of activity (QI (0-33.5), QII (33.6-84.9), QIII (85.0-132.3), and QIV (≥132.4)). Categorizing PASE scores into quartiles is common and has been done in previous research evaluating associations between physical activity and stroke severity, bone strength, urinary symptoms, and functional limitations in knee osteoarthritis. 15, 16 Covariates Baseline sociodemographic variables included age, sex, marital status, and years of education. The presence of medical conditions was assessed by asking whether a doctor had ever told participants that they had diabetes mellitus, heart attack, or stroke. Depressive symptomatology was measured using the Center for Epidemiologic Study-Depression Scale, 17 with scores ranging from 0 to 60. Participants with a score of 16 or greater were considered to have high depressive symptoms.
Outcome
Cognitive function was assessed using the 30-item MMSE. 18 The English and Spanish versions of the MMSE were adopted from the Diagnostic Interview Scale. 18 Similar to previous studies in populations with low educational attainment and low English literacy, 13 only participants with MMSE scores of 21 or higher at baseline were included in the analyses. MMSE was used as a total score (range 0-30) and divided into subdomains of orientation (score 0-10), working memory (score 0-3), attention (score 0-5), delayed memory (score 0-3), and language (score 0-9). Based on previous research demonstrating that episodic memory predicts time to mild cognitive impairment 19 and that that there is an association between physical activity and memory, 20,21 the working and delayed memory subdomains of the MMSE were combined into one global memory domain (score 0-6) to assess this relationship in Hispanic EPESE participants. The remaining subdomains (orientation, attention, language) were combined into a global nonmemory domain (score 0-24).
Statistical Analysis
Chi-square and analysis of variance tests were used to examine the distribution of covariates for subjects according to PASE quartiles at baseline (1995/96). General linear mixed models using the MIXED procedure in SAS (SAS Institute, Inc., Cary, NC) were used to estimate change in cognitive function over a 14-year period as a function of PASE score at baseline. Mixed models provide a general approach to the analysis of repeated measures. This approach uses all available data on each subject, is not affected by random missing data, and allows usage of realistic variance and correlation patterns. 22 Mixed models also allow for modeling of time-dependent change in variables as well as time-dependent change in the magnitude of association between the variables. 22 Two mixed models were constructed to test the relationship between PASE score at baseline and change in cognitive function over a 14-year period. Model 1 included age, sex, marital status, years of formal education, PASE quartile, time, and an interaction term between PASE score and time (to estimate the effect of PASE quartile at baseline on rate of change in cognitive function (slope) during the study period). In Model 2, stroke, heart attack, diabetes mellitus, and depressive symptoms were added to the variables in Model 1. All variables were analyzed as time-dependent covariates except for age, sex, education, and PASE score. PASE score was also analyzed according to category of activity, specifically, leisure, household, and occupation. Analyses were performed using the SAS System for Windows version 9.2 (SAS Institute, Inc.).
RESULTS
The mean age of the 1,669 participants was 74.3 AE 5.4 at baseline. Sixty percent of participants were female, 56.9% were married, and mean years of education was 5.5 AE 3.9. Mean total PASE score was 97.8 AE 63.8. Mean MMSE score for the cohort at baseline was 25.6 AE 3.2, with a mean of 5.5 AE 0.8 for the memory component and 20.2 AE 3.1 for the nonmemory component. Forty-seven percent of participants reported hypertension, 27.6% diabetes mellitus, 8.8% heart attack, 6.8% stroke, and 10.5% high depressive symptoms at baseline. Table 1 presents the descriptive characteristics of the sample according to PASE quartile. Mean PASE scores were 17.5 AE 13.3 for QI, 61.3 AE 12.2 for QII, 108.5 AE 14.6 for QIII, and 177.5 AE 40.1 for QIV. Participants in QIV were significantly more likely to be younger, male, and married; to report fewer depressive symptoms and fewer medical conditions (hypertension, diabetes mellitus, heart attack, stroke); and to have higher total and nonmemory MMSE scores. Table 2 shows the general linear mixed model estimates for total MMSE score and for the memory and nonmemory components as a function of PASE quartile over the 14-year period. The adjusted rate of decline in total MMSE score was 0.38 points per year ( Table 2 ). The association between PASE quartile and total MMSE score at baseline (intercept of total MMSE score) after adjusting for age, sex, marital status, education, and time was statistically significant for QII (b = 0.47, standard error (SE) = 0.21), QIII (b = 0.95, SE = 0.21), and QIV (b = 1.10, SE = 0.22). The interaction term between PASE quartile and time of follow-up (slope of total MMSE score over 14 years) was statistically significant for QIII (b = 0.11, SE = 0.05) and QIV (b = 0.10, SE = 0.05), suggesting that participants in the higher-activity quartiles experienced slower rates of decline in MMSE score over 14 years than those in the less-active quartiles. In Model 2, when medical conditions and depressive symptoms were added to the variables in Model 1, the interaction term between QIII and time remained significant (b = 0.11, SE = 0.05).
Moderate levels of physical activity (QIII) were associated with slower decline over time in the memory component of the MMSE than lower levels (QI and QII). No significant association was found between physical activity and cognitive decline for the nonmemory component of cognitive function in the fully adjusted model (Table 2) . There was no significant association between the individual components of the PASE (leisure activity, household activity, occupation) and total MMSE score or the memory and nonmemory components over time (data not shown).
When PASE scores were analyzed as a continuous variable instead of quartiles, the parameter estimates for MMSE scores at baseline (intercept of MMSE score) were statistically significant (b = 0.006, SE = 0.001), and the interaction term between PASE score and time of follow-up (slope of MMSE score over 14 years) was also significant (b = 0.0005, SE = 0.0002) after adjusting for all covariates. This finding suggests that higher PASE scores at baseline are associated with slower rates of decline in MMSE score over time. Nonsignificant associations were observed between the continuous PASE measure and the memory and nonmemory components (data not shown). Figure 1 shows the adjusted mean distribution for total MMSE score over the 14-year period according to PASE quartile at baseline. Subjects in QI and QII had lower total MMSE scores than subjects in QIII and QIV over the entire follow-up period.
DISCUSSION
The findings support the hypothesis that older MexicanAmerican adults who reported greater physical activity at baseline would display slower cognitive decline over time. The rate of decline in MMSE score averaged 0.38 points per year over the 14-year study period after adjusting for personal, sociodemographic, and health characteristics. The highest levels of activity (QIII and QIV), as measured using the PASE at baseline, were associated with a protective effect on MMSE decline over the study period. The protective effect of moderate physical activity (QIII) was also observed in the memory component of cognitive function. These results are consistent with a previous study of 544 older adults with a similar age range using the PASE. 23 The authors reported that more physical activity was associated with better cognitive status. 23 This association was strongest for executive function, as measured using the MMSE. 23 Intensity of activity was also positively associated with cognition in older adults wearing an accelerometer and completing the Trail Making Test. 5 The findings of the current study contribute new information to the literature documenting changes in cognitive function in older Mexican Americans associated with levels of physical activity. A large sample was examined for cognitive decline over 14 years. Analyses of the memory and nonmemory components of cognition as represented in the MMSE were also conducted. An additional contribution of this study is the focus on an underserved population. Latinos are the fastest-growing segment of the older population and a group in which little is known about patterns of physical activity related to cognitive function, particularly in persons aged 75 and older.
Historically, Hispanics (including Mexican Americans) report lower levels of physical activity than non-Hispanic whites. 24 The mean PASE score in the sample was 97.8 AE 63.8, which is lower than the average score of 118.9 in adults aged 65 and older in a validity study for the PASE 14 and lower than other previous reports regarding non-Hispanic community-dwelling samples. 25, 26 An important finding in this investigation was the lack of a positive association between the low quartile (QII) of physical activity and slower decline in cognitive function (Figure 1) . A previous study involving Hispanic EPESE participants found an association between low levels of physical activity and lower mortality. 27 The lack of a positive effect for the low level of physical activity (QII) on changes in cognitive status has implications for the development and intensity of activity intervention programs for this population and represents an area for future research.
The results of the current study suggest that engagement in a moderate amount of routine daily activity such as walking, gardening, mowing the lawn, and housework may have beneficial effects in maintaining cognitive function in older Mexican Americans, a population that lacks targeted, culturally relevant, evidence-based recommendations to maintain or enhance physical activity. Consistent with previous intervention studies, these results suggest that the protective effect of physical activity on cognitive decline is associated with memory aspects of cognition. 20, 21 A previous study found that physical activity facilitated working memory, whereas another found a positive association between activity and memory, regardless of intensity. 20, 21 Physical activity and memory were positively associated in a study of Japanese adults with mild cognitive impairment, 28 but the findings of the current study are in contrast to those of a previous study in the Netherlands of individuals aged 45 to 75 that observed an association between changes in physical activity intensity and cognitive processing speed but not in memory. 8 Additional research is needed to develop a better understanding of the potential differential effect of physical activity on the memory and nonmemory components of cognitive function.
Limitations
This study has limitations. Measures of physical activity were based on self-report and were available only at baseline. The PASE instrument incorporates frequency, duration, and intensity to calculate a score. It is not possible to separate out the influence of these individual components of physical activity. The MMSE is used primarily as a screening assessment for cognitive function and has limited sensitivity to detect changes over time, particularly in specialized areas of cognition. The study team did not have access to medical records, diagnostic images, or serum markers to confirm participant self-reports of medical conditions. 29 In addition, these findings apply to older Mexican-American adults and cannot be generalized to the larger Hispanic population.
This study has several strengths, including the large community-based sample, the prospective design, and the exploration of the potential effect of physical activity on the memory and nonmemory components of cognitive function in older Mexican Americans.
CONCLUSION
A positive association was found between level of physical activity and change in cognitive function over 14 years in a well-defined cohort of older Mexican-American adults living in the community. The findings suggest that greater physical activity is associated with slower cognitive decline in this population and that the protective effect of physical activity may be more evident in memory than nonmemory aspects of cognition. Additional investigation is necessary to confirm and refine these findings and to help translate research on physical activity into intervention programs that can prevent or reduce cognitive decline and improve health in older adults.
